Abstract-Several factors have been associated with the distribution of plantar foot pressure, including: (i) the body weight, (ii) age, (iii) foot structure and (iv) standing / walking strategy. It is predicted that the biomechanics of the foot is influenced by the structure of the foot. The objective of this study was to obtain the plantar pressure distribution model of the foot using custom image processing algorithms upon the images captured by a commercial plantar pressure measurement machine, the EMED-X. The study involved the participation and data collection from 79 human subjects, ranging from age 20-60 years old. This model can be analysed further to be used as a predictor for the formation of foot ulceration in certain subjects.
INTRODUCTION
Plantar pressure distribution analysis is one of the popular areas of research for the purpose of clinical foot diagnosis and gait evaluation. There are many types of plantar pressure measurement systems which are commercially available that have different constraints such as the high cost, and the linking of the data once collected by the computer [1] [2] [3] .
There are prior studies which classified the plantar pressure equipment according to the sensing method utilised: images or electronic sensor [4, 5] . Typically, the ink-based plantar pressure system maybe not be able to measure the dynamically acquired data. On the other hand, the image-based system depends on the calculations derived from the light intensity of a grayscale image captured through a camera fixed inside a barograph device [6] . Factors such as system cost and resolution prevented such devices from being deployed widely in the 1980's, although there were a handful of researchers doing active research at that time. Information extracted from the acquired images was considered as a reliable and useful parameter in gait analysis.
One study described the differences in characteristics for a joint ankle's angles through the use of static and dynamic plantar images [7] . A study of the relationship between foot structure and the static balance system is created to investigate a child's footprint image was performed in [8] . Also, based on the image measurements in [9] , it was found that the foot arch from the bearing area ratio of the plantar measurement. A plantar shape was considered for personal identification as mentioned in [10] . Shine et al. proposed a method to find the relation between the deformation of the foot plantar skin and the stability during the gait based on foot plantar image [11] .
Nowadays, the majority of researchers who adopts the plantar pressure to analyse the data are using the electronic based sensors. The sensors can be in various configurations such as; mat [12] , insole [13] , treadmill [14] , and small three-seal types [13] . However, the traditional commercial sensors do not have the resolution to predict small regions' pressure like the toes. This can be overcome based on the distribution of the luminance value of a greyscale plantar images, directly, that is captured while walking, as described in the work of [15] . The MATLAB platform is commonly utilized for the data manipulation and analysis. This includes the artificial true color image conversion in RGB type to display the dynamic pressure distribution of plantar pressure [16] . In addition, there are two related research articles that link closely with this work [17, 18] , because they investigated the plantar pressure distribution and compared their results with EMED system. During movement, the main plane of interaction with the surroundings is presented by the feet. Generally, individuals pay little attention to their feet. Although, after several hours of standing, running quickly during exercises and play or carrying heavy objects, they tend to feel physical strain in their feet. Therefore, foot problems must be diagnosed as early as possible to avoid serious injury. Pressure distribution may differ between men and women because of differences of plantar loadings. Foot ulcer formation due to excessive foot plantar pressures in diabetes patients are the main cause of concern in this area. Thus, there is a crucial need to create a model to formulate accurately and reliably the distribution of pressure over the foot plantar.
II. METHODOLOGY
The proposed work (Error! Reference source not found.) for modelling the plantar pressure distribution consists of: 
A. Data Acquisition from EMED plantar pressure device
A group of 79 healthy subjects were enrolled in this study. The mean age, body mass and height were 35 years (20-60 years), 84 kg (range 50-132 kg) and 168.83 ± 10.696 cm respectively. All of the subjects were fully informed of the research to be performed and have signed written consent form. They were then encouraged to attend our laboratory for a foot exam for more details as well as to complete a lifestyle questionnaire. The purpose of the foot exam was to ensure no participants had lower limb ailments. This is part of the inclusion criteria, which are: Four categories of foot planter measurements have been implemented on each participant which contributed 632 foot data for the study. The data were recorded using an EMED-X (Novel GmbH, Munich, Germany) pressure platform using three steps from three walking trails. The experimental setup and EMED display can be seen in Error! Reference source not found..
The platform has a spatial resolution of four sensors per cm 2 and was sampled at 70Hz. Pressures were analyzed using Novel multimask software (version 13.3.65) in five distinct regions of the foot based on functional regions and the touch areas to investigate the heel, midfoot, forefoot, lesser toes and hallux. The peak pressure from the three trials in the touch areas was used in the analysis as the outcome variables. The test categories are: Analysis of data is a process of inspecting, cleansing, transforming, and modeling data with the goal of discovering useful information, suggesting conclusions, and supporting decision-making. In this research analysis for data attained from the plantar pressure measurement device (EMED) is required to specify different parameter behaviors as a mathematical modelling or extracting a basis according to the statistic analysis of that data.
Once the data are collected for processing and organizing, the data may be incomplete, contain duplicates, or contain measurement errors. There is therefore a need for data preprocessing or cleaning to fix these errors. This is especially needed on image data which can give rise to problems in the way that data is measured, entered and stored. These errors have been treated with some function codes with MATLAB. 
B. Image Processing Module
Data initially obtained from the EMED-X platform have been organized, classified, and processed for analysis towards modelling. Some preliminary arrangements have been carried out on the foot planter data. For instance, these may involve placing data into rows and columns in a table format as a structured data for further analysis. This work used the Microsoft Excel facilities for the data tabling and MATLAB code editor for the process and analysis.
III. RESULTS & DISCUSSION
Relationships were explored among the peak and the mean plantar pressure measurements as classified by the image processing algorithm in which pressure over the insole area have been divided into 7 level. The data was then inspected in terms of repeatability and pooled for left and right feet to increase statistical power and avoid missing relevant feet. The image processing program has been designed to implement several processes on the images attained from the EMED tests so as to get the suitable interpretation of the image that shows the plantar pressure distribution for further analysis.
The image captured by EMED is conveyed to the computer by custom MATLAB software developed for this purpose. The image processing algorithm starts by creating a mask to segment only the feet of the acquired image, and hence, remove the image background. Then, based on a particular threshold, the algorithm converts the image from RGB into Index image format to be able to specify the values of the pressure levels. These are represented by different colors, where each color refers to a specific range of values.
All the analysis based on the quantitative tables created by the image processing algorithm and the seven level ranges, Planter Pressure Ranges (PPR) of the area have been described in Error! Reference source not found.. Based on the analysis algorithm for the plantar pressure distribution, the proposed image processing outcome can be displayed as a 3D representation of each subject, as shown in Fig. 3 .
IV. CONCLUSION
The modelling of foot plantar pressure is valuable for analyzing the gait, hospitals, clinics, shoe making, and early detection of ulceration in the case of diabetic patients. Although many equipment and techniques are available for plantar pressure analysis to study foot pressure distributions), there is still a need for mathematical modelling references to compare the acquired measurements.
In order to derive formulas in this concern, this research proposes a measurement-based method which adopts the reference measured parameters such as; the weight of a subject, contact-area size, age, and the pressure level distribution over a plantar image captured by EMED plantar pressure. A custom image processing algorithm was then developed to produce a plantar pressure distribution model based on the images captured. The proposed analysis and algorithm was verified by a 79 volunteers with four various measurement conditions were collected.
